5
ZYMV replicates with no symptoms in the inoculated leaves of N. benthamiana and, 136 depending on the strain, moves systemically and induces latent infection (Desbiez and Lecoq, 137 1997) . We previously showed that this species produces intense reddish pigmentation when 138 infected with several viruses that express Rosea1, including other potyviruses like Tobacco 139 etch virus (TEV) (Bedoya et al., 2012) . Unlike the tissues agroinoculated with the empty 140 vector or with ZYMV, tissues agroinoculated with ZYMV-Ros1 displayed intense dark red 141 pigmentation at 7 dpi ( Fig. 2A and Supplementary Fig. S4A ). This result indicates that 142 ZYMV-Ros1 expresses a functional Rosea1 transcription factor that efficiently induces 143 accumulation of reddish anthocyanins in N. benthamiana. As expected, none of the N. 144 benthamiana plants showed infection symptoms ( Supplementary Fig. S4B ). However, a 145 prolonged observation of these plants revealed that, in those agroinoculated with Ros1, some pigmented foci constantly appeared to be scattered on the upper non-inoculated 147 leaves (Fig. 2B ). This result suggests that the Vera isolate of ZYMV is able to move long-148 distance in N. benthamiana, but inefficiently. It is noteworthy that we detected infection foci 149 on the upper non-inoculated leaves due to the vivid pigmentation induced by the Rosea1 150 transcription factor. We realized that the combination of the ZYMV-Ros1 clone and N. With this experimental system at hand, we next aimed to study the effect of the four N. 157 benthamiana DCL genes, which are core components of host RNA-mediated silencing 158 pathways, on the systemic movement of ZYMV in this species. To this end, we used a set of 159 N. benthamiana transgenic plants in which the different DCL genes were down-regulated by 160 expressing specific hairpin constructs (Dadami et al., 2013; Katsarou et al., 2016) . quantitative PCR (RT-qPCR) and northern blot hybridization analyses of transgenic lines 162 DCL1.13i, DCL2.11i, DCL3.10i and DCL4.9i showed a specific reduction in the DCL1, 163 DCL2, DCL3 and DCL4 mRNAs levels, respectively. Apart from the plants knock-down in 164 the single DCL genes, we also used line DCL2/4.5i, which expresses a hairpin to 165 simultaneously down-regulate DCL2 and DCL4, and line DCL3.10(x)2/4.5i, the heterozygous 166 progeny that results from crossing DCL3.10i as a female and DCL2/4.5i as a male (Dadami et 167 al., 2013; Katsarou et al., 2016) . 168 6 We first questioned whether these genes had an effect on virus accumulation in 169 inoculated tissue. For this purpose, we agroinoculated two leaves of three N. benthamiana 170 plants that corresponded to the wild-type and the DCL knock-down lines DCL1.13i, 171 DCL2.11i, DCL3.10i, DCL4.9i, DCL2/4.5i and DCL3.10(x)2/4.5i. The agroinoculated tissues 172 were harvested at 6 dpi and proteins were extracted. ZYMV CP was analyzed by 173 electrophoretic separation followed by Western blot using a specific anti-CP antibody (Fig.  174 3). Wild-type non-inoculated controls were added to the analysis. The quantification of the 175
Western blot signals is summarized in Supplementary Table S2 . Fig. 3 shows the three 176
Western blots, as well as the graph of ZYMV CP accumulation in the agroinoculated tissue of 177 the different N. benthamiana lines. According to the amount of CP, ZYMV-Ros1 178 accumulation in the inoculated tissues of the DCL1.13i, DCL2.11i, DCL4.9i and DCL2/4.5i 179 lines was similar to that of the wild-type plants. ZYMV-Ros1 accumulation was lower in the 180 DCL3.10i line (0.6-fold on average) and higher in the DCL3.10(x)2/4.5i line (1.75-fold on 181 average) compared with the wild-type plants (Fig. 3B ). However, none of the differences in 182
ZYMV-Ros1 accumulation between wild-type and each of the DCL knock-down lines was 183 statistically significant (P < 0.05 for all pair-wise Student's t test comparisons). 184
Next we analyzed the effect of the DCL down-regulation on ZYMV systemic 185 movement in N. benthamiana. Sets of three plants that corresponded to the wild-type and the 186 different knock-down lines were agroinoculated with ZYMV-Ros1 in three leaves. In the N. 187 benthamiana lines DCL1.13i, DCL2.11i and DCL3.10i, we obtained the same outcome 188 previously obtained in the wild-type plants. Very few infection foci were detected in the 189 upper non-inoculated tissues. However in the N. benthamiana line DCL4.9i, and in lines 190 DCL2/4.5i and DCL3.10(x)2/4.5i, ZYMV-Ros1 was able to efficiently move long-distance 191 into the upper non-inoculated tissue ( Fig. 4A and B) . Supplementary Fig. S5 shows the 192 pictures of the three independent inoculated plants, as well as the selected leaves, which 193 corresponded to each line. We previously showed that anthocyanin accumulation very 194 precisely correlates with viral load in Rosea1-marked viruses (Bedoya et al., 2012). 195 Therefore, in order to make a more quantitative estimate of ZYMV-Ros1 systemic movement 196 in all these plants, we harvested all the aerial tissues above the agroinoculated leaves at 27 dpi 197
and quantified the accumulation of reddish anthocyanins by a spectrophotometric analysis 198 (Fig. 4C and Supplementary Table S3) . While anthocyanin accumulation in the DCL1.13i, 199 DCL2.11i and DCL3.10i lines was negligible and indistinguishable from the wild-type plants, 200 the aerial tissues of lines DCL4.9i, DCL2/4.5i and DCL3.10(x)2/4.5i accumulated substantial 201 amounts of these pigments (Fig. 4C) . It was noteworthy that the anthocyanin accumulations in 202 7 the double DCL2/4.5i and in the triple DCL3.10(x)2/4.5i knock-down lines were 1.8-and 2.9-203 fold higher, respectively, on average than in the single knock-down DCL4.9i line. Taken  204 together, these results support a crucial role of DCL4 in restricting the systemic movement of 205 ZYMV in N. benthamiana that may be functionally complemented by DCL2 and DCL3. To 206 confirm this result, a similar experiment was conducted with wild-type ZYMV under same 207 experimental conditions. Western blot and RT-qPCR analyses of virus accumulation at 28 dpi 208 in the whole upper non-inoculated tissues confirmed the crucial role of DCL4 in restricting 209 virus systemic movement ( Fig. 4D and E We constructed an infectious clone from a Spanish isolate of ZYMV that infected a 222 zucchini plant. Our clone mostly resembles sequence variant AF127929.2, which has been 223 reported in Taiwan and was isolated in 1993 from sponge gourd (Luffa cylindrical Roem.) 224 (Lin et al., 2001) . The two variants differ in 517 nucleotide positions (94.6% identity), 225 including the insertion of a U at position 9465, which corresponds to the 3' UTR. Our finding 226 of a 2013 Mediterranean isolate that mostly resembled a 1993 Taiwanese sequence variant, 227 which belong to phylogenetic group A-IV, mainly composed of East Asian isolates (Coutts et 228 al., 2011) , supports the easy worldwide dispersion of this virus. 229
230
The ZYMV-mediated expression of Rosea1 does not produce visible anthocyanin 231 accumulation in cucurbit plants 232
We constructed a recombinant ZYMV clone that expresses A. majus R2R3 MYB 233 transcription factor Rosea1 (ZYMV-Ros1, Fig. 1A and Supplementary Fig. S1 ). This 234 recombinant clone induced the accumulation of reddish anthocyanins in the infected tissues of 235 N. benthamiana ( Fig. 2 and Supplementary Fig. S3 ), but not in cucurbitaceous species like 236 zucchini ( Fig. 1B and Supplementary Fig. S2 ) or melon ( Supplementary Fig. S3 ). Tomato 237 plants engineered to over-express the two A. majus transcription factors Rosea1 and Delila 238 under the control of a fruit-specific promoter produced purple tomatoes with high anthocyanin 239 content (Butelli et al., 2008; Su et al., 2016) . In plants, anthocyanin biosynthesis is controlled 240 at the transcriptional level by members of three protein families: R2R3 MYB transcription 241 factors, bHLH transcription factors and WD repeat proteins. They interact to form a ternary 242 complex that activates a series of genes that lead to anthocyanin biosynthesis and 243 accumulation in vacuoles (Zhang et al., 2014) . We previously showed that the virus-mediated 244 expression of Rosea1 and Delila in tobacco tissues also induces the accumulation of large 245 amounts of anthocyanins in infected tissues (Bedoya et al., 2010) . Next we reported that the 246 sole virus-mediated expression of Rosea1 suffices to induce pigment accumulation that is 247 readily detectable to the naked eye in infected tissues in several host plant-virus combinations. 248
This finding suggests that this transcription factor is a convenient marker to visually track 249 plant virus infection and movement (Bedoya et al., 2012) . In terms of the size, Rosea1 is only 250 slightly larger than the most conventional reporter gene used in plant virology, green 251 fluorescent protein (GFP) (Tilsner and Oparka, 2010) . Although the impact of Rosea1 in 252 recombinant virus fitness is stronger than that of GFP, the stabilities of both markers in the 253 viral genome are similar (Majer et al., 2013) . We succeeded in producing a visible reddish 254 pigmentation of the infected tissues in solanaceous plants (N. benthamiana or Nicotiana 255 tabacum L.), but also in the non-solanaceous Arabidopsis thaliana L. using recombinant 256 potyviruses, such as TEV or Turnip mosaic virus (TuMV), and also with viruses like Tobacco 257 mosaic virus or Potato virus X that belong to different families (Bedoya et al., 2012) . reported in the reproductive organs of some cucurbits (Imperato, 1980) . Naringenin chalcone 267 is the main flavonoid that accumulates in the fruit rind of some yellow melon varieties 268 (Tadmor et al., 2010; Feder et al., 2015) . 269
Zucchini plants infected with ZYMV-Ros1 showed milder symptoms than those 270 infected with wild-type ZYMV (Fig. 1B and Supplementary Fig. S2 ). Some leaves in these 271 plants presented a distinctive beautiful pattern that consisted in dark green perinerval stripes 272 on a light green background ( Fig. 1B and Supplementary Fig. S2 ). The possibility that these 273 distinctive symptoms might still arise from some unknown activity of the Rosea1 274 transcription factor cannot be ruled out. 275 276 ZYMV-Ros1 inefficiently moves long-distance in N. benthamiana 277
According to the anthocyanin production induced by the Rosea1 marker, we observed 278 that ZYMV-Ros1 efficiently accumulated in the agroinoculated tissues of N. benthamiana 279 plants, but very few particles from the progeny were able to establish systemic infection foci 280 ( Fig. 2 and Supplementary Fig. S4 ). As an alternative to agroinoculation, we obtained the 281 same result from mechanical inoculation of N. benthamiana plants with an extract of ZYMV-282
Ros1-infected zucchini. It is worth noting that the visual marker was crucial for this 283 observation since very few systemic infection foci kept appearing in the first weeks after 284 inoculation. The Rosea1-induced pigmented foci, which were directly observable without 285 using specialized instrumentation such as a UV lamp (Bedoya et al., 2012) , easily attracted 286 our attention. It has been previously described that some ZYMV strains induce latent 287 infection in N. benthamiana either systemically or in a limited manner to inoculated tissue 288 (Lesemann et al., 1983; Wang et al., 1992; Desbiez and Lecoq, 1997) . 289
We reasoned that the combination of our recombinant ZYMV-Ros1 virus and the N. 290 benthamiana host could represent an excellent experimental system to study the virus genetic 291 determinants and host factors involved in ZYMV systemic movement. N. benthamiana, 292 particularly the lineage used in most research laboratories, is susceptible to a large number of 293 plant virus species from very different taxonomic groups. This is most probably because this 294 lineage, which was originally harvested in an extreme habitat of central Australia, is a natural 295 rdr1 mutant (Bally et al., 2015; Carbonell, 2015) . Consequently, this species is frequently 296 adopted as a model plant in many research works into plant viruses. In our system, the amount 297 of viral particles capable of reaching upper non-inoculated tissues was easily determined by 298 monitoring the dark red pigmentation of these tissues. The efficiency of viral systemic 299 movement was also quantified in systemic tissues by counting infection foci or by measuring 300 anthocyanin accumulation by a simple colorimetric analysis of methanol extracts. We 301 previously showed that, for Rosea1-marked viruses, anthocyanin accumulation correlates with 302 viral load in infected tissues (Bedoya et al., 2012) amplification or cell-to-cell movement or, alternatively, could regulate one or more host 332 factors that favor virus multiplication. DCL3 activity may also have a negative effect on 333 DCL2 and DCL4. In contrast, the single down-regulation of DCL1, DCL2 and DCL4, and the 334 double down-regulation of DCL2 and DCL4, had no effect on ZYMV-Ros1 local 335 accumulation, which apparently suggests that these three DCL may be dispensable for local 336 antiviral silencing. However in this context, we should consider that, unlike most studies inwhich viruses with mutations in silencing suppressors have been used (Ziebell and Carr, 338 2009), in our system ZYMV-Ros1 expresses a wild-type HC-Pro, which may mask the local 339 antiviral effects of these particular DCL, as reported before for TuMV in A. thaliana (Garcia-340 Ruiz et al., 2010) . The local accumulation of ZYMV-Ros1 increased (1.75-fold on average) in 341 the triple DCL2, DCL3 and DCL4 knock-down line compared to wild-type plants. This result 342 suggests that these three antiviral DCL genes possess co-operative antiviral activity against 343 ZYMV-Ros1 in inoculated tissue, as previously observed in other plant-virus systems 344 (Garcia-Ruiz et al., 2010; Andika et al., 2015) . 345
Next we analyzed the effect of the DCL down-regulation on ZYMV-Ros1 systemic 346 accumulation in upper non-infiltrated tissues. It is interesting to note that, while the single 347 down-regulation of DCL4 did not affect ZYMV-Ros1 local multiplication, it had a dramatic 348 effect by favoring virus accumulation in systemic tissue. This favorable effect was not 349 observed in the single DCL1, DCL2 and DCL3 knock-down plants (Fig. 4 , Supplementary 350 Table S3 and Supplementary Fig. S5 ). Similar results were obtained using a wild-type ZYMV 351 and analyzing virus systemic accumulation by Western blot (Fig. 4D) or by RT-qPCR (Fig.  352   4E) . Therefore, the observations made for ZYMV-Ros1 are unlikely to be an artifact that 353 resulted from an unexpected activity of the Rosea1 marker. In the case of ZYMV-Ros1, the 354 analysis of the anthocyanin content in upper non-inoculated tissues revealed that virus 355 systemic accumulation was enhanced in the double DCL2 and DCL4, and particularly in triple 356 DCL2, DCL3 and DCL4 knock-down plants (Fig. 4 , Supplementary Table S3 and 357 Supplementary Fig. S5 ). Taken together, these observations support a critical role of DCL4 in 358 restricting ZYMV-Ros1 systemic accumulation in N. benthamiana, while DCL2 and DCL3 359 may functionally complement DCL4 in this role. Nonetheless, the specific mechanisms that 360 explain how DCL4 hinders ZYMV systemic amplification in N. benthamiana still need to be 361 determined. While it is conceivable that DCL4 prevents the entry or passage of viruses into 362 the phloem, DCL4 may also restrict the virus from leaving vascular bundles, as reported for 363 suppressor-deficient Turnip crinkle virus in A. thaliana (Deleris et al., 2006) . In this scenario, 364 as 21-nt siRNA duplexes can move long-distance in plants (Dunoyer et al., 2010) , the DCL4-365 dependent 21-nt siRNA duplexes could be the mobile silencing signal generated in inoculated 366 tissue, which spread throughout the plant to prevent ZYMV from accumulating in the upper 367 non-inoculated leaves (Mermigka et al., 2016) . In any case, viral systemic movement in plants 368
is a rather complex and prolonged process, and the specific mechanisms by which antiviral 369 silencing blocks viral systemic spread need to be further clarified. 370
371

MATERIALS AND METHODS 372 373
Amplification of ZYMV cDNAs 374
Total RNA was purified by silica gel chromatography (Zymo Research) from a piece 375 of symptomatic leaf from a zucchini plant (cultivar Scallop) growing in 2013 in Horta de 376 Vera (Valencia, Spain), which showed typical symptoms of viral infection. From this RNA 377 preparation, cDNAs were initially synthesized using RevertAid reverse transcriptase (Thermo 378
Fisher Scientific) and oligodeoxynucleotide primers P1 and P4, designed on the basis of 379 ZYMV GenBank reference sequence variant NC_003224.1. All primers used in this work are 380 described Supplementary Table S1 . The two cDNAs were amplified with Phusion high-381 fidelity DNA polymerase (Thermo Fisher Scientific) and primers P2 and P3, and P5 and P6. 382 New cDNAs corresponding to the 5' and 3' viral ends were amplified by RACE. To amplify 383 the 3' end, we took advantage of the native polyadenilate tail of ZYMV genomic RNA. Using 384 primer P7, we synthesized a cDNA, which was next amplified by two subsequent PCR using 385 primers P8 and P9, and P10 and P11. To amplify the 5' end, we first synthesized a cDNA 386 using primer P12. A polytimidine tail was next added to the 3' end of this cDNA using calf 387 thymus terminal transferase (Thermo Scientific). Finally, the 5' end was amplified in two 388 consecutive PCR using primers P13 and P14, and P15 and P16. All these cDNAs were 389 inserted into EcoRV-digested pBluescript II KS(+) (GeneBank accession number X52327.1) 390 and sequenced. Experimental sequences served to design new primers (P17 to P29, see 391 Supplementary Table S1 ) to amplify the whole ZYMV genome in three fragments (5', central 392 and 3') by RT-PCR. We applied a nested PCR strategy, in which 1 µl of the first reaction was 393 used as a template for the second reaction. These three ZYMV cDNAs were ligated to 394
EcoRV-digested pBluescript II KS(+) using T4 DNA ligase (Thermo Fisher Scientific), and 395
Escherichia coli DH5α electroporated with the products of ligations. 396 397
Construction of ZYMV infectious clones 398
The cloned cDNAs corresponding to the 5', central and 3' fragments of the Vera 399 isolate of ZYMV were recovered by digestion with the type-IIS restriction enzyme Eco31I 400 native NIb/CP proteolytic site that was split in two (see Supplementary Fig. S1 ). The resulting 412 plasmid was named pGZYMV-Ros1. TGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAG  GGTTTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTGAGCGCGCGTAATACGACTCACTATAGGGCGAATTGG  AGCTCCACCGCGGTGGCGGCCGCTCTAGAACTAGTGGATCCCCCGGGCTGCAGGAATTCGATATCAAGCTTATCG  ATACCGTCGACCTCGAGGGGGGGCCCGGTACCCAGCTTTTGTTCCCTTTAGTGAGGGTTAATTGCGCGCTTGGCG  TAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGGAGC  ATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTC  GGCGAATAGGTCTCGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACGCTGAAATC  ACCAGTCTCTCTCTACAAATCTATCTCTCTCTATTTTCTCCATAAATAATGTGTGAGTAGTTTCCCGATAAGGGA  AATTAGGGTTCTTATAGGGTTTCGCTCATGTGTTGAGCATATAAGAAACCCTTAGTATGTATTTGTATTTGTAAA  ATACTTCTATCAATAAAATTTCTAATTCCTAAAACCAAAATCCAGGGGCCCTCGACGTTCCTTGACAGGATATAT  TGGCGGGTAAACTAAGTCGCTGTATGTGTTTGTTTGAGATCCTCTAGGGCATGCAAGCTGATCTGGATCTCATGT  GAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCC  CTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGT  TTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCC  CTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGC  TGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACC  CGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTG  CTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGA  AGCCAGTTACCTTCGGAAGAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTT  TTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTG  ACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCC  TTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGTGTAACATTGGTCTAGTGATTAGAAAAACT  CATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCT  GTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTC  GTCCAACATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTGA  CGACTGAATCCGGTGAGAATGGCAAAAGTTTATGCATTTCTTTCCAGACTTGTTCAACAGGCCAGCCATTACGCT  CGTCATCAAAATCACTCGCATCAACCAAACCGTTATTCATTCGTGATTGCGCCTGAGCAAGACGAAATACGCGAT  CGCTGTTAAAAGGACAATTACAAACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATAT  TTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTCCCTGGGATCGCAGTGGTGAGTAACCATG  CATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCA  TCTCATCTGTAACAACATTGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCAT  ACAATCGGTAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCCA  TGTTGGAATTTAATCGCGGCCTTGAGCAAGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTGTATTACTGT TTATGTAAGCAGACAGTTTTATTGTTCATGATGATATATTTTTATCTTGTGCAATGTAACATCAGAGATTTTGAG  ACACAACGTGGCTTTGTTGAATAAATCGAACTTTTGCTGAGTTGAAGGATCAGATCACGCATCTTCCCGACAACG  CAGACCGTTCCGTGGCAAAGCAAAAGTTCAAAATCACCAACTGGTCCACCTACAACAAAGCTCTCATCAACCGTG  GCTCCCTCACTTTCTGGCTGGATGATGGGGCGATTCAGGCGATCCCCATCCAACAGCCCGCCGTCGAGCGGGCTT  TTTTATCCCCGGAAGCCTGTGGATAGAGGGTAGTTATCCACGTGAAACCGCTAATGCCCCGCAAAGCCTTGATTC  ACGGGGCTTTCCGGCCCGCTCCAAAAACTATCCACGTGAAATCGCTAATCAGGGTACGTGAAATCGCTAATCGGA  GTACGTGAAATCGCTAATAAGGTCACGTGAAATCGCTAATCAAAAAGGCACGTGAGAACGCTAATAGCCCTTTCA  GATCAACAGCTTGCAAACACCCCTCGCTCCGGCAAGTAGTTACAGCAAGTAGTATGTTCAATTAGCTTTTCAATT  ATGAATATATATATCAATTATTGGTCGCCCTTGGCTTGTGGACAATGCGCTACGCGCACCGGCTCCGCCCGTGGA  CAACCGCAAGCGGTTGCCCACCGTCGAGCGCCTTTGCCCACAACCCGGCGGCCGGCCGCAACAGATCGTTTTATA  AATTTTTTTTTTTGAAAAAGAAAAAGCCCGAAAGGCGGCAACCTCTCGGGCTTCTGGATTTCCGATCCCCGGAAT TAGATCCGTTTAAACTACGTAAGATCGATCTTGGCAGGATATATTGTGGTGTAAACGTTCCTGCGGCGGTCGAGA TGGATCTTGGCAGGATATATTGTGGTGTAAACGTTCCT Supplementary Fig. S6 . Map and sequence of binary vector pG35Z. The plasmid contains a cloning site that consists in two inverted BsaI cleavage sites separated by a LacZ' (β-galactosidase α peptide from E. coli) selection marker. The two BsaI recognition sites are on a green background with the corresponding cleavage sites underlined. The LacZ' cassette is in italics. The CaMV 35S promoter (P35S in the map) is in red with the +1 nucleotide on a yellow background. The CaMV 35S transcription terminator (T35S in the map) is in fuchsia with the polyadenylation site underlined. The T-DNA right border (RB in the map) is on a yellow background with the overdrive sequence underlined. The pUC replication origin for E. coli is on a gray background. Kanamycin resistance marker (NPTI in the map) is on a dark gray background. This marker contains a silent mutation (in red) to eliminate an undesired BsmBI restriction site. The pSa replication origin for A. tumefaciens is in blue on a gray background. A double T-DNA left border (2LB in the map) is on a red background.
